INTRODUCTION
Benign prostatic hyperplasia (BPH) is a highly prevalent disease in aging male patients, and it can negatively affect the quality of life (QoL) [1] . Korea has one of the most rapidly aging population in the world. BPH has been a major concern for
• Grant/Fund Support: This research was supported by a grant of the Korean Urological Association.
• Research Ethics: This study was approved by the Institutional Review Board (IRB) of Korea University Medical Center (approval number: 2019AS0061). Due to the retrospective nature of this study, the IRB determined that we did not require informed consent documents from the patients. During the entire period of this study, patient information was anonymized or in de-identified status. We performed all procedures associated with the present study according to the Declaration of Helsinki guidelines. both government and health care providers. According to data from the Health Insurance Review and Assessment (HIRA) agency in 2018, about 7,600,000 patients were diagnosed with BPH in 2010, which increased by approximately 1.2 million in 2017 [2] . This represents an annual increase of about 7%, and a total increase of 58% from 2010. However, the actual number of patients with BPH was estimated to be much higher since not all the patients visit hospitals.
Treatment goals for patients with BPH are aimed at reducing symptoms, improving the QoL, and preventing disease progression [1, 3] . In most cases, medication is the primary treatment modality [3] . Generally, the patients begin drug therapy in their 60s, and continue to take the drug for another 10 or 20 years considering the current life expectancy. Therefore, the time, cost, and treatment strategy should be well established. In fact, patients usually prefer noninvasive methods, and many efficacious drugs have been developed to reduce lower urinary tract symptoms caused by BPH. For a long time, transurethral resection of prostate (TURP) has been accepted as the standard treatment when the primary medical or surgical treatment fails, such as in cases of recurrent urinary tract infection, urinary retention, persistent prostatic bleeding or bladder stone [4] . Additionally, a number of safer and more effective procedures have been developed for BPH in the recent years, particularly the minimally invasive laser modalities including holmium laser enucleation of the prostate (HoLEP) and photoselective vaporization of the prostate (PVP), which have emerged as firstline surgical treatments to replace TURP. The surgical trends in BPH have been studied in several countries including United States, Canada, and Japan [5] [6] [7] . In a study to learn the surgical trend in Korea, Lee et al. [8] used HIRA's data to describe the nationwide incidence and treatment pattern of BPH. However, this study was conducted between 2008 and 2011, and does not show any particular surgical trend for HoLEP, owing to its introduction only after 2010. Moreover, there are no other statistical studies available in Korea after this survey.
The purpose of this study was to analyze the frequency of surgical procedures and the overall surgical trends related to BPH surgery by region, hospital size, and year.
MATERIALS AND METHODS
With the approval of Institutional Review Board, we sorted the records of BPH patients in the HIRA database from the National Health Insurance Service and National Statistical Office for analyzing the trends in BPH-related surgeries during 8 years in Korea, from 2010 to 2017. Three of the most frequent procedures among the various surgeries, TURP, PVP using potassium titanyl phosphate (KTP), and HoLEP were analyzed. The diagnosis of BPH was defined in accordance with the 10th revision of International Classification of Diseases, as N40.0 by primary or secondary diagnostic code. The patients were above 40 years of age, taking the prevalence of BPH into consideration. Exclusion criteria were patients with prostate malignancy, inflammatory disorders of the prostate, previous prostate operation, or neurologic problematic conditions that may influence voiding dysfunction. The condition of the procedure code was defined by the three surgical procedures described above: TURP (R3975), PVP using KTP (R3976) and HoLEP (R3977).
The number of operations (including detailed analysis of each surgical method) and the differences based on the type of hospital (clinic, hospital, general hospital, and superior general hospital) were recorded. The yearly changes of surgical incidence in each age group and the extent of surgery with the differences between the regions diagnosed with BPH and the regions undergoing surgery were also reviewed.
RESULTS
Our results were based on sample cohort big data analysis using the National Health Insurance database. Our cohort included patients diagnosed with BPH. Fig. 1 shows the total number of operations performed in the last 8 years. There was no significant difference in the total number of operations between 2010 (10,393) and 2017 (11, 072) . TURP remained the most commonly performed operation for transurethral prostate surgery. Total number of conventional TURP remained stable (range, 5,732-6,944). KTP was the second common operation in 2010 and 2011, but the number of KTP showed a gradual decrease from 3,314 to 2,751, and eventually dropped to 622 in 2017. On the other hand, the number of HoLEP dramatically increased. In 2010, the number of HoLEP was only 278, but the number steadily increased, and finally exceeded the number of KTP in 2012, with a continuing steady increase in the difference.
Most surgeries for BPH are performed in large hospitals (superior general hospital or general hospital), which increased from 71% in 2010 to 81% in 2017 ( respectively. Meanwhile 47% (1,543 cases) of KTP was performed in large hospitals and 35% (1,146 cases) was performed in clinics in 2010. However, the proportion of large hospitals was increased to 87% (541 cases) and only 76 cases were performed at the clinics in 2017.
The trends in age-related surgery for BPH were analyzed in Fig. 3 . Although the overall number of operations does not seem to be significantly different, the number of operations per 100,000 patients diagnosed with BPH tended to decrease in all age groups. KTP and TURP tended to decrease in all age groups, but HoLEP increased in age groups over 60 years. Since 2010, 70s were the most common age group undergoing surgeries, followed by the age group of 80s. The same trend was observed in the case of HoLEP as well, with the 70s age group being the most common age group, followed by the age group of 60s. However, in the TURP group, the age group of 80s was undergoing more surgeries than the age group of 70s since 2015. Fig. 4 shows the surgical trends according to the detailed regions of Korea. The most common sites for surgery of BPH were Seoul, Gyeonggi-do, and Busan. The rate of surgery in these 3 areas accounted for 60% of all operations. Compared to other regions, it was found that many cases were performed uniquely in Seoul (range, 3,335-5,248), followed by Gyeonggido (range, 1,185-1,753), where the number of operations was seen to be steadily increasing in the recent years. A large number of surgeries were also performed in Busan, the second largest city in Korea after Seoul (range, 909-1,493).
DISCUSSION
BPH is a common disease of the elderly that may adversely affect the QoL. According to Lee et In our present study, the traditional TURP was found to be the most common among the prostate surgeries, and the number of surgeries remained stable for 8 years. The number of Ho-LEP has surged rapidly, surpassing the number of KTPs since 2012. These results were comparable to other studies conducted in other countries including USA, Canada, and Japan [5] [6] [7] . Previous studies have reported TURP to be the most common procedure without a significant difference in the number of operations. Further, laser treatments including HoLEP and PVP showed an increase forming the second most common treatment for BPH. However, the rates of total number of operations with TURP and laser therapies vary between countries. In the USA, laser therapies account for 50% of TURP surgeries, and in Canada, TURP accounts for more than 90% of all procedures while laser therapies account for only 7.6%. These differences are due to the differences in the study period, the time of introduction of BPH procedures, acquisition costs, different reimbursement incentives, and insurance policies. In addition, BPH surgeries are mainly conducted in the big cities or metropolitan areas where large hospitals are located rather than based on the absolute number or regional distribution of urology patients. This in turn implies that most of the HoLEP surgeries are mainly performed in large hospitals. In addition, the number of operations performed in local clinics have decreased, with an increase in the number of surgeries performed in general hospitals since 2012, which has also contributed to the increased number of HoLEP. This trend can also be seen in the Canadian BPH surgeries [6] . The total number of TURPs and the proportion of laser procedures in the total number of surgeries were higher in big cities. In this study, the number of operations per 100,000 BPH patients tended to decrease in all age groups. This decrease might be attributed to the large number of new drugs that have been recently developed for the lower urinary tract symptoms due to BPH. It has been reported that the most common age group to receive the BPH surgeries is the 70s. This might indicate that the overall health status and morbidity of the BPH surgeries have improved in the older age groups.
TURP has been the gold standard for surgical treatment for BPH for a long time due to its effectiveness and low cost [9] . TURP was reported to be the most commonly performed BPH-related surgeries in Korea [8] . TURP using resectoscope is still the most familiar method for many urologists. In this study, patients in the 60s constitute the second most common age group in HoLEP and in TURP, with 80s being the second most frequently operated group of patients. This could be because the relatively younger and healthier patients were more likely to receive new procedures like laser therapies, whereas the elderly patients with greater comorbidities tend to hesitate to undergo newer and less established therapies [7] . However, TURP has some potential risks, such as postoperative bleeding, clot retention, prolonged catheterization times, long hospital stays and transurethral resection syndrome [10] . In recent years, laser therapies including KTP or HoLEP, have been shown to produce comparable or superior surgical outcomes than TURP and are preferred by many surgeons due to fewer postoperative complications.
KTP was spotlighted in the early days due to the minimal learning curve for the vaporization technique [11] . KTP is basically similar to TURP and can therefore be easily performed by urologists who have experience in TURP surgery. Further, even surgeons with less experience with KTP were able to provide significant relief of symptoms and improvement in urodynamic parameters with the safe and effective removal of prostatic tissue. For this reason, KTP was mainly performed at the local clinics in the early stage. But recently, it has been steadily decreasing due to some limitations of KTP. Recently, there have been reports on the efficacy and safety of KTP for prostates of more than 150 mL [12] . However, there are limited studies on the efficacy of KTP on large prostate, although the short-and medium-term data for small and medium prostates are well established. Horasanli et al. [13] reported that KTP showed worse outcomes than TURP for large prostatic gland ( > 70 mL) on postoperative International Prostate Symptom Score (IPSS)/ QoL, maximal flow rate (Qmax), and postvoided urine volume (PVR). According to Elmansy et al. [14] , KTP requires multiple laser fibers for completion of surgery and a higher energy setting than HoLEP. Further, 22% of patients undergoing KTP switched to HoLEP or TURP. In these cases, impaired vision from bleeding could not be controlled with the KTP laser.
Many studies report that HoLEP is as effective or better than other surgical options [14] [15] [16] . Gilling et al. [16] reported that HoLEP showed an increased amount of tissue removal, shorter catheterization time, shorter hospital length of stay, and lower transfusion rates than TURP. Additionally, there was no reoperation for BPH in the patients who underwent HoLEP compared to 18% reoperation rate in patients who underwent TURP. In the randomized controlled trial comparing HoLEP with KTP, there was no significant difference in the IPSS, QoL, or sexual function between the 2 groups, except for the high postoperative Qmax and the lower PVR in the HoLEP group [14] . Contrary to TURP, HoLEP can replace the open prostatectomy as it is a size-independent procedure, and TUR syndrome has never been reported even with large prostate [17, 18] . According to Kuntz el al. [18] , HoLEP has been shown to have similar efficacy as open prostatectomy in resecting large prostatic adenoma greater than 100 g with radically decreased hospital length of stay, catheterization times, blood loss, and transfusion rates. Nevertheless, HoLEP has not yet replaced TURP. A major limitation in popularizing HoLEP is thought to be its technical difficulty and steep learning curve of the procedure.
According to a recent analysis, 50-60 cases were required to effectively perform enucleation. Efficient morcellation with stabilization was reported after 60 cases [19] . In addition to this relatively high learning curve, a high price of the generator and morcellator also serves as an obstacle to the popularity of Ho-LEP. However, in the end, HoLEP may be able to overtake TURP in a few years, due to its similar efficacy to procedures such as TURP, open prostatectomy, and other laser therapies and fewer complications, shorter catheterization time, shorter hospital stays, and decreased blood loss.
There are some limitations in this study. Firstly, the data in this study did not include various clinical information associated with BPH such as IPSS, serum PSA level, and prostate size. In addition, BPH medication history such as use of alphablocker and 5-alpha reductase inhibitor (5-ARI) is not included. Therefore, the various factors involved in considering surgery or surgical methods could not be analyzed. Unmeasured factors such as physician's proficiency and preference, which may vary depending on the procedure type, that may affect the choice of the surgical procedure could not be explained. Secondly, this study analyzed the number of operations using the code provided by HIRA, therefore the number of surgeries performed do not represent the number of patients. Hence, this data cannot be distinguished even if reoperation is performed. However, in the case of HoLEP, the reoperation rate was reported as 1% within 5 to 10 years [20] , together with an average reoperation rate of 7.4% and 5%-6% for TURP and PVP, respectively [17, 21] . Therefore, there is no problem in the representation of data used in this study. In addition, the Urolift has recently been introduced in Korea and is currently being practiced at local clinics. It is not yet popular because health insurance has not yet been applied. Although Urolift is currently performed in limited outpatients with high comorbidities due to lack of long-term outcome, it can be applied to more patients since it is an easy and safe procedure with high accessibility and lower incidence of adverse effects [22, 23] . It is expected that a significant contribution will be made to one of the alternatives for surgical treatment of BPH.
Despite these limitations, this study is meaningful as it is conducted on the whole people based on nationwide data. To the best of our knowledge, this is the first study to report on the surgical trend of BPH procedures within the last 8 years in Korea. Furthermore, the trends in this study are similar to surgical trends of BPH in other countries [5] [6] [7] . Surgical procedures of BPH have been increasing for the last 8 years in Korea and
